Over the past several years, drug addiction has increasingly been accepted to be a disease of the brain as opposed to simply being due to a lack of willpower or personality flaw. Exposure to addictive substances has been shown to create enduring changes in brain structure and function that are thought to underlie the transition to addiction. Specific genetic and environmental vulnerability factors also influence the impact of drugs of abuse on the brain and can enhance the likelihood of becoming an addict. Long-lasting alterations in brain function have been found in neural circuits that are known to be responsible for normal appetitive learning and memory processes and it has been hypothesized that drugs of abuse enhance positive learning and memory about the drug while inhibiting learning about the negative consequences of drug use. Therefore, the addict's behavior becomes increasingly directed towards obtaining and using drugs of abuse, while at the same time developing a poorer ability to stop using, even when the drug is less rewarding or interferes with functioning in other facets of life. In this review we will discuss the clinical evidence that addicted individuals have altered learning and memory and describe the possible neural substrates of this dysfunction. In addition, we will explore the pre-clinical evidence that drugs of abuse cause a progressive disorder of learning and memory, review the molecular and neurobiological changes that may underlie this disorder, determine the genetic and environmental factors that may increase vulnerability to addiction, and suggest potential strategies for treating addiction through manipulations of learning and memory.
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Introduction
Humans sample psychoactive substances for a variety of reasons including obtaining pleasurable feelings, relieving pain or stress, reducing anxiety, increasing energy, and enhancing sociability. Using drugs for these purposes in of themselves is not necessarily harmful to the individual or to society as a whole; rather, it is the chronic, uncontrolled use of drugs at the expense of normal activities and in spite of adverse consequences that characterizes drug addiction. Drug addiction does not occur overnight, but takes years to develop, and indeed is hypothesized to be learned. Drug use begins by learning that the substance is rewarding due to powerful interoceptive effects, thus increasing the desire to use the drug again. Over time certain cues in the environment become associated with drug use until the cues alone are sufficient to stimulate desire or craving for the drug. Learning about reward-related cues also occurs when humans learn to find food or mates, build shelters, or earn money, but drugs of abuse alter and enhance these normal learning and memory processes. In addition, drugs of abuse consumed over long periods of time cause dysfunction in neural systems mediating self-control over behavior. In other words, addictive drugs not only enhance normal learning systems involved in seeking rewards, but also inhibit the ability to control use, especially in vulnerable populations (Everitt et al., 1999; Jentsch & Taylor, 1999) .
Drugs of abuse are able to usurp normal learning and memory systems through their direct pharmacological actions on multiple neurotransmitter systems. For example, when a new event occurs in the environment a dopamine signal is generated from the midbrain to both dorsal and ventral striatum that facilitates learning about this new event (Jay, 2003; Schultz, 2010) . A common feature of drugs of abuse is that, despite different mechanisms of action, they all cause an increase in dopamine release in the striatum (Di Chiara, 1999; Torregrossa & Kalivas, 2008) . Therefore, addictive substances create artificial learning signals that are of a greater magnitude and duration than what is observed neurochemically in response to natural events. Enhanced learning about a drug positive experience results in an increased likelihood to use the drug again. This effect is magnified each time the drug is consumed. Drugs of abuse not only increase learning about the positive effects
